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Abstract 
 
In rehabilitation stroke and Multiple sclerosis (MS) are two very common causes of motor disabil-
ity in adults. Traditional rehabilitation is very time-consuming and expensive. Therefore, rehabili-
tation professionals are looking to Virtual Reality (VR) technology in order to assist patients on 
their path to function better in their daily lives. Recent studies have mostly investigated the end re-
sults of VR therapy, but the user experience has been less studied. This working paper presents a 
thematic review of recent studies to highlight the advantages and disadvantages of VR solutions in 
motor rehabilitation from the user perspective. Our findings suggest that VR rehabilitation can be 
more motivating for the patient than traditional rehabilitation, but current VR interventions are of-
ten overly simplistic and not customized for the user. This presents opportunities for innovative 
service design.    
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1 INTRODUCTION   
Several factors have contributed to the demand for and rise of e-health solutions in de-
veloped countries. These include the rapidly aging population coupled with the dimin-
ishing budgets for public healthcare. E-health is a young field still seeking a definite 
definition. Eysenbach (2001) summarizes e-health as “the intersection of medical in-
formatics, public health and business, referring to health services and information de-
livered or enhanced through the Internet and related technologies.” 
 
At the same time, demand for alternative rehabilitation resources in motor (re)learning 
is highlighted, as traditional forms of rehabilitation are often time-consuming and ex-
pensive. (Lohse et al., 2013; Sisto et al., 2002; Saposnik and Levin, 2011; Langhorne, 
Coupar and Pollock, 2009).   
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One of the most intriguing e-health solutions is Virtual Reality (VR), which can be de-
fined as a computing technology that generates a simulated or artificial three dimen-
sional environment, which imitates reality (Sisto et al., 2002). VR technology has been 
successfully used over several decades in psychotherapy for example in the treatment of 
phobias and post traumatic stress disorder (PTSD) (Keshner, 2004). Promising results 
have been reported by studies regarding the benefits of VR treatment for motor learning 
or relearning after stroke (Saposnik and Levin, 2011; Langhorne, Coupar and Pollock, 
2009).  
  
The aforementioned stroke and Multiple sclerosis (MS), are increasingly prevalent con-
ditions. For example, stroke is the leading cause of disability in adults with 4.8 million 
survivors worldwide (Wüest et al., 2014). On the other hand, more than 2.3 million 
people are diagnosed with MS worldwide not counting the undiagnosed cases (MS In-
ternational Federation). This means that millions of people yearly acquire the need for 
motor rehabilitation in order to function in their daily lives.  
  
Studies about VR in rehabilitation have generally only assessed the deployment effect 
(i.e. the effect that using or not using VR has on engagement) instead of addressing the 
design characteristics that VR exercises should contain, in order to optimally enhance 
engagement (Matijevic et al., 2013).  
  
The aim of this working paper is to inspect, assess and discuss VR solutions in motor 
rehabilitation from the user perspective. As an example of patient groups requiring mo-
tor rehabilitation, we discuss the needs of MS and post-stroke patients. This Arcada 
working paper is co-authored by students attending the e-health course at Arcada Uni-
versity of Applied Sciences in 2017 with supervising teachers. The purpose of the 
course was to explore the current state and future visions of the ongoing digitalization in 
the field of health and welfare. Co-writing as a process can be seen as a pedagogical 
model for enhancing students’ deep evidence-based learning. 
2 THEORETICAL FRAMEWORK  
Since the push for VR technologies began, different theories have been proposed to de-
scribe the underlying mechanisms involved in maximizing learning. One key learning 
theory is the motor learning theory (MLT), which is a series of internal processes that 
lead to relatively permanent changes in the capability to perform certain tasks as a direct 
result of practice or experience. The MLT processes are broken down into three phases: 
acquisition, retention, and transfer. For example, in a VR therapy that aims to retrain 
clients to walk safely, the client would practice how to walk safely in a laboratory envi-
ronment (acquisition), be able to reproduce the task later (retention), and eventually be 
able to walk in the community (transfer). (Jarus and Ratzon, 2005) 
2.1 VR rehabilitation for post-stroke and MS patients 
Treatments such as VR rehabilitation are performed to control the symptoms and after-
math that come with MS and stroke. In both MS and post-stroke, arm and leg move-
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ments are affected in one way or another, and most commonly on gait movements. (Gi-
rone et al., 2001; Cho and Lee, 2013)  
  
Motor (re)learning is possible only if a patient experiences some forms of movement 
especially post-stroke as compared to showing no motion signs at all post-stroke and 
persistent practice (Girone et al., 2001; Cho and Lee, 2013).  
  
Challenges may arise while rehabilitating stroke patients, as some experience lack of 
interest towards repetitive training. The use of VR-based programs will act as an alter-
native to traditional motor training programs. These technologies aim at increasing en-
gagement and willingness to participate in rehabilitation. (Shin et al., 2014)  
  
VR interventions that have been used for motor rehabilitation in the stroke patients in-
clude for example Rutgers systems for ankle rehabilitation and for improving finger 
range of motion, GestureTek’s Interactive Rehabilitation and Exercise System (IREX), 
VR treadmill training and off-the-shelf commercially available gaming systems includ-
ing Nintendo Wii Fit and Wii Sport, EyeToy Play 2 and Kinect (Girone et al., 2001). Of 
these, Nintendo Wii appears to be the most common, or at least the most studied, per-
haps due to the accessibility, affordability and variety offered by the system. 
3 METHOD AND RESULTS 
Using VR technologies for motor rehabilitation is an extensive branch of medicine but 
still subject to further research, especially on the aspects of patient motivation and pa-
tient engagement.  
  
A thematic review was used to collect information on motor rehabilitation using VR 
technologies from different scientific databases, including PubMed and MetCat. The 
search terms "virtual reality", "rehabilitation", "stroke" and "MS" were used. In order to 
narrow the search down to articles focusing on the user experience, the terms "experi-
ence" and "engagement" were used in addition. Eleven studies were chosen, which 
briefly discussed the user experience. Additionally, other articles were chosen with the 
aim of getting general information relating to this topic. This perspective was also cho-
sen because few studies have been done relating to the user experience of using VR 
technology in motor relearning for stroke and MS.  
3.1 VR interventions based on stroke and MS patients 
Service design uses information from market research by testing products with the help 
of customers, while monitoring customer experience to improve the product after under-
standing patient needs (Stickdorn et al., 2011). Understanding the needs of stroke and 
MS patients with matters relating to their rehabilitation is key in order to design usable 
and engaging VR technologies for them. These patients have specific requirements for 
motor learning, which we highlighted in section 2.1. In addition to needs presented by 
the specific conditions of the patients, each user has their own unique qualities and in-
terests which determine what motivates them for rehabilitation (Kielhofner, 2008; 
Wüest et al., 2014).  
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The results of services are not only visible during the service period, but are extended 
way after the service has been used (Stickdorn et al., 2011). Therefore, developers 
should not end their focus on finished products but continue to monitor the user experi-
ence to find faults and achievements of the service for future development.  
  
Producing usable VR technologies for MS and stroke patients should ultimately provide 
the patient with environments, occupations (activities) and goals, which are relevant and 
motivating for them individually. Specifically, experiences they can relate to and bonds 
that affect them positively emotionally. Such technologies set themselves apart from 
others while offering pleasant experiences as well as helping patients to express them-
selves and unveil their identities to be known to others (Stickdorn et al., 2011). 
3.2 Results  
As follow we will present the results.  According to Faria et al. (2016), VR and interac-
tive technologies have emerged as a valuable approach in stroke rehabilitation, by 
providing the opportunity to practice cognitive and motor activities that are not or can´t 
be usually practiced within the clinical environment. These include as training attention 
abilities in street crossing situations, executive functions by visiting a supermarket or 
performing simulations of real-life scenarios and activities in urban virtual environ-
ments. Yet the advantages of VR to address stroke impairments go beyond ecological 
validity of training, with a growing body of evidence especially in the motor rehabilita-
tion domain.  
  
Wüest et al. (2014) claim that stroke rehabilitation programs lack a theory-driven basis, 
especially for motor learning. Commercial games do not work optimally to support mo-
tor learning, and they may not work in optimally engaging the individual in question. 
Lohse et al. (2013) have noted that well-designed video and virtual reality games can 
increase patient engagement and motivation in rehabilitation and therefore time spent in 
rehabilitation.   
  
Studies examining the user experiences of VR are in the minority. Many of these con-
cern the use of Nintendo Wii. For example, Glännfjord et al. (2016) examined the use of 
Wii Sports Bowling in a group of elderly people. They found that the use of the game 
resulted in experiences of being immersed in the activity and even in a state of “flow”. 
The game was deemed easy to use and an enjoyable way of participating in activities 
socially. It was also noted that the presence and support of a peer group can help in en-
gaging in an active life. 
  
According to Glännfjord et al. (2016), virtual activities result in similar types of feelings 
as real life activities. Allaire et al. (2013) found that those elderly persons who engaged 
in some kind of digital game (including Wii), were in better health and exhibited less 
signs of ageing than those who didn’t. Anderson et al. (2010) found that “Wii rehabilita-
tion” has been successful in increasing patients’ motivation and encouraging full body 
movement. Al-Darraji (2014) found that Wii therapy’s benefits are evident especially in 
the subacute phase of stroke patients.   
  
In a study by Zimmerli et al. (2013) control subjects without any neurologic movement 
disorders were compared with subjects with spinal cord injury. Different VR exercises 
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were used to measure e.g. mobility and lower extremity functions. They found that in 
order for VR interventions to promote active participation, VR exercises have to be in-
teractive, and user preferences and expectations need to be taken into consideration.  
4 DISCUSSION  
In this section we will discuss the advantages and disadvantages of using VR in motor 
rehabilitation from the user's perspective. 
4.1 Advantages of VR rehabilitation from the user perspective 
The aim of this paper was to discuss advantages and disadvantages of VR rehabilitation 
from a client perspective. One of the most cited advantages of VR in rehabilitation is the 
ability to motivate the user to persist in practicing the required movements and occupa-
tions. Increasing the time spent in rehabilitation is the best way to improve the results of 
therapy. The motivating effect of VR has been documented by e.g., Matijevic et al. 
(2013), Anderson et al. (2010), and Keshner and Fung (2017). The motivational effect 
of VR is of course dependent on the fact that the VR games are well-designed (Lohse et 
al., 2013).   
  
Other key advantages of VR from the user perspective is that it allows independent 
practice and stimulus control, it is flexible, safe and easily documented and it provides 
the user feedback. VR allows the patient to practice in his/her own home. (Lohse et al., 
2013) This provides the patient a safe and comfortable environment, which in itself can 
improve motivation and engagement. At the same time, this decreases the costs of reha-
bilitation.    
 
Flexibility means that the level of difficulty can be increased based on the user’s pro-
gress (Faria et al., 2016), and the user’s attention can be distracted or augmented 
(Keshner, 2004). In addition, advances can easily be graded and documented (Matijevic 
et al., 2013; Lewis and Rosie, 2012).VR also provides real-time feedback about the in-
dividual’s current level and quality of movement (Zimmerli et al., 2013; Keshner, 
2004).   
4.2 Disadvantages of VR rehabilitation from the user perspective 
Among the main disadvantages of VR from the user's point of view is that VR interven-
tions are often overly simplistic and not customized for the specific user and his/her 
unique needs. The interventions are often not properly analyzed regarding their effec-
tiveness for motor learning during therapy. (Zimmerli et al., 2013)  
  
Anderson et al. (2010) noted that WII applications were not designed with the rehabili-
tative focus in mind, and this presents a number of problems: games are too difficult 
for patients, they mainly target upper-body gross motor functions and they lack support 
for task customization, grading and quantitative measurements.  
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In order for the patient to become engaged and motivated, activities used in rehabilita-
tion need to be meaningful for the individual (Kielhofner, 2008). In a similar way, it is 
also important that the VR activity is executed in a believable way in order for it to be 
meaningful for the patient (Glännfjord et al., 2016).  
  
Common consensus is that virtual environment interventions are likely beneficial if 
used as an adjunct to conventional therapy. In fact, using VR without proper orientation 
and guidance by the therapist is a risk for the success of rehabilitation. According to 
Keshner and Fung (2017), many clinicians use it to motivate clients without identifying 
or controlling for the actual cognitive and neuromuscular parameters that could be mod-
ified by these activities.  
5 CONCLUSION AND IDEAS FOR FURTHER STUDIES 
VR offers new possibilities for activating and engaging MS and stroke patients in motor 
rehabilitation. In order for these activities to optimally support the rehabilitation pro-
cess, they need to be meaningful to the individual and customized to the individual’s 
specific rehabilitation needs. This requires innovative service design.  
  
Further studies should highlight characteristics of VR solutions that promote both opti-
mal motor learning, as well as active participation, in patients with MS or post-stroke 
rehabilitation needs. Studies should also examine the most effective treatment frequency 
and intensity. Another interesting topic for study would be the risks associated with VR 
motor rehabilitation, as very few studies highlighted these. 
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